Transverse magneto-optical Kerr-effect ͑T-MOKE͒ measurements have been carried out in the vicinity of the Co 2p absorption edges on atomically smooth, ultrathin hcp Co͑0001͒ films deposited on W͑110͒. The investigated film thicknesses range from the submonolayer coverage up to 15 atomic monolayers. The reflectivity and T-MOKE spectra are compared to model calculations based on the Fresnel formalism, employing optical constants from independent x-ray magnetic circular dichroism ͑XMCD͒ experiments. Strong thickness dependent effects in both the p-polarized reflectivity and the T-MOKE are due to interference and could nicely be reproduced by our calculations. Moreover, an anisotropy in the T-MOKE response is observed for magnetizations along the ͓110͔ and ͓001͔ directions, caused by the uniaxial magnetic anisotropy in the Co films.
I. INTRODUCTION
During the last decade magnetic soft x-ray spectroscopy techniques have experienced a rapid development. These activities are particularly stimulated by the observation of strong dichroic effects in the vicinity of the 2p edges of the 3d transition metals. [1] [2] [3] [4] [5] [6] [7] [8] The changes in intensity/polarization upon reversing the magnetization observed in appropriate absorption, transmission, or reflectivity experiments easily exceed 50% even in the case of ultrathin or nanostructured samples. Moreover, these effects occur energetically in close vicinity of the specific absorption edges of the considered material and therefore allow for element-resolved investigations in complex magnetic systems. Among the various magneto-optical techniques, the x-ray magnetic circular dichroism ͑XMCD͒ in absorption has received considerable attention. So-called "sum rules" relate the magnetization dependent absorption to detailed information on electronic and magnetic ground state properties. [9] [10] [11] [12] [13] In combination with these sum rules, the XMCD allows to study both the spin and the orbital magnetic moments of a material separately. Since the crystalline contribution to magnetocrystalline anisotropy energy ͑MAE͒ is connected to the magnetocrystalline anisotropy in the orbital moment, the XMCD has been used as a valuable tool to investigate the microscopic origin of this fundamental magnetic quantity. [13] [14] [15] [16] [17] [18] [19] In general, the same information that can be obtained from XMCD photoabsorption measurements, should be accessible in reflectivity experiments. All optical quantities ͑transmission, absorption, and reflection͒ result from the optical and magneto-optical constants via the dielectric tensor. Reflectivity experiments offer several specific advantages when compared to absorption measurements. First of all, reflectivity techniques benefit from the much larger probing depth being solely limited by the penetration depth of the radiation. A comparable probing depth in absorption requires transmission measurements on samples being prepared on thin, transparent membranes as, e.g., SiN or parylene ͑C 8 H 8 ͒ n . While this preparation technique has been used successfully for highly precise XMCD measurements on polycrystalline samples 20 the use of membrane substrates certainly limits investigations on epitaxially ordered samples. Therefore, the majority of XMCD experiments is carried out by measuring the absorption via the detection of secondary electrons created in the photoabsorption process. This method is widely used and yields reliable results. However, the finite electron escape depth provides for a distinct surface sensitivity and restricts investigations to a probing depth of 2 -4 nm. Thus, buried layers in multilayers or capped samples are hardly probed. Also, external magnetic fields may sometimes disturb the electron detection.
Reflection spectroscopy offers a probing depth of 20-100 nm and easily enables the application of strong magnetic fields. In earlier reflectivity experiments the low reflectivity in the soft x-ray regime restricted experiments to grazing incidence. Today, the availability of third generation storage rings with their high brilliance insertion devices enables investigations even in near-perpendicular incidence. Moreover, it has been found that dichroic effects observed in reflection can exceed the magnitude of corresponding effects in photoabsorption, and thus provide for an enhanced sensitivity in magnetic investigations. [21] [22] [23] [24] [25] [26] [27] [28] However, since the reflectance sensitively depends on the experimental geometry and the morphology of the sample ͑e.g., layer thicknesses and roughness͒, a detailed analysis of spectroscopic reflectivity data requires a more sophisticated numerical treatment, when compared to the analysis of photoabsorption data. Nevertheless, simulations demonstrate the promising potential of reflectivity analysis. [28] [29] [30] Among the various magneto-optical effects observed in reflection the transverse magneto-optical Kerr effect ͑T-MOKE͒ can be applied most easily. It requires linearly p-polarized radiation and appears as a change in the reflected intensity upon reversing the magnetization. Thus, no polar-ization analysis is necessary as in the case of the longitudinal and polar Kerr effect. In this article we investigate to which extend T-MOKE can be exploited for a detailed analysis of magnetic properties of thin films. Our study includes an investigation of the feasibility to describe the experimental data by model calculations based on the Fresnel formalism. Secondly, we explore the sensitivity of T-MOKE in the soft x-ray regime to probing the magnetocrystalline anisotropy. The first task is an important challenge for the understanding of the magneto-optical response of complex magnetic systems. 28, 30 The second task addresses the question whether T-MOKE in the soft x-ray regime can be established as an alternative approach for investigating the microscopic origin of the MAE. In order to simplify the analysis and to avoid uncertainties in the sample morphology we have chosen in situ prepared Co films on W͑110͒ as systems for our investigation. These films grow, first, in a layer-by-layer mode with atomically flat interfaces. 31, 32 Thus, in the reflectivity analysis we can neglect roughness and interface imperfections. Secondly, Co films on W͑110͒ possess a well-known uniaxial in-plane magnetic anisotropy 33 and are therefore ideally suited to probe the magnetocrystalline anisotropy in the corresponding T-MOKE response.
This study is organized as follows: The experimental details, the growth and magnetic properties of Co films on W͑110͒ are summarized in Sec. II followed by the theoretical background on the interaction of light with magnetized matter in Sec. III. The experimental results on absorption and reflection and the comparison with calculated reflectivity spectra are presented and discussed in Sec. IV.
II. EXPERIMENTAL DETAILS
The magnetic and electronic properties as well as the morphology of hcp Co films on bcc W͑110͒ crystals are well known, cf. Refs. 31-37, and references therein. The Co films grow in the layer-by-layer mode at room temperature. Due to the lattice mismatch between W and Co ͓lattice parameters: a͑W͒ = 3.165 Å and a͑Co͒ = 2.507 Å͔ the first pseudomorphic monolayer ͑ML͒ is dilated by 20.8% along the W͓001͔-and compressed by 3% along the W͓110͔-direction when compared to the equilibrium atomic positions within a hcp Co͑0001͒ layer. This strong deformation of the Co layer results in a reduced atomic density equal to 0.7 ML of a relaxed Co film. The strain along the W͓001͔-direction is rapidly reduced until the first, almost relaxed ML is filled. A strain of 3.08% ͑compression͒ along W͓110͔ and 1.45% ͑di-latation͒ along W͓001͔ remains stable up to a thickness t of 8 ML and relaxes thereafter. 33 The strain as well as the presence of Co/ W͑110͒ and UHV/Co interfaces, respectively, give rise to a large magnetocrystalline anisotropy energy with the easy axis pointing in-plane ͑uniaxial͒ along the W͓110͔ direction. Due to a large magnetoelastic contribution the experimentally observed anisotropy constants show a similar thickness dependence as the strain, i.e., being constant up to 8 ML and then decreasing as 1 / t to a strongly reduced but constant value. For a more detailed discussion, see Ref. 33 .
All films have been prepared in situ by means of molecular beam epitaxy ͑MBE͒ at room temperature. The W͑110͒ substrate was cleaned by cycles of heating in oxygen atmosphere as described previously, see, e.g., Refs. 31 and 38. The base pressure during the preparation did not exceed 5 ϫ 10 −10 mbar at an evaporation rate of 0.7 ML/ min. After Co deposition the films were annealed for several minutes at 370 K to ensure smooth film surfaces. The structural quality was checked by means of LEED. Former STM investigations showed that this procedure leads to atomically smooth Co films with terraces several 1000 Å wide. 31 Studied with soft x-ray reflectivity these films can therefore be treated as nearly perfect mirrors.
In our investigation we apply x-ray absorption spectroscopy ͑XAS͒ as well as x-ray reflectometry in three different geometries ͑summarized in Fig. 1͒ . T-MOKE spectra have been recorded at the U49/1 and the U49/2 PGM beamlines at electron storage ring BESSY ͑Berlin͒. The reflectivity has been measured at a fixed angle of incidence of 22°with respect to the surface plane. For these experiments, the sample has been mounted rotatable around its azimuth and could be magnetized perpendicularly to the plane of incidence by an external magnetic field up to 0.5 kOe ͓see Figs. 1͑b͒ and 1͑c͔͒. The spectra of the reflected linearly p-polarized soft x-rays have been measured using a suitable photodiode. Simultaneously, XAS spectra have been recorded by means of total electron yield ͑TEY͒ detection, i.e., measuring the drain current of the sample. The XMCD measurements have been performed at the UE46/1 PGM beamline of the Hahn-Meitner-Institute ͑Berlin͒ at BESSY. Absorption spectra with the magnetization parallel/antiparallel to the plane of incidence have been recorded at a fixed helicity and a degree of circular polarization of about 0.9 by means of TEY. The magnetization has been switched by a short magnetic field pulse parallel to the W͓110͔ axis at each FIG. 1. ͑Color online͒ The experimental geometries applied in this study. The scattering plane is denoted by red ͑dashed͒ lines, while the crystallographic axes W͓110͔ and W͓001͔ are represented by white and black arrows, respectively. Panel ͑a͒ shows the XMCD geometry where the scattering plane of circularly polarized radiation is parallel to the magnetization along the W͓110͔ direction. The T-MOKE geometry using p-polarized light is given in ͑b͒ and ͑c͒. The magnetization has been switched perpendicularly to the scattering plane. In ͑b͒ the crystal is oriented with the W͓001͔ axis parallel to the scattering plane, while in ͑c͒ the W͓110͔ axis is parallel to the scattering plane.
energy step, and the angle of incidence was 30°͓cf. Fig.  1͑a͔͒ . All T-MOKE, XAS, and XMCD spectra, respectively, in this study have been recorded at room temperature and normalized to the incident intensity. The lateral focal spot size has been about 200ϫ 200 m 2 .
III. THEORETICAL CONSIDERATIONS
In this work we employ experiments in two different magneto-optical geometries: ͑i͒ XAS and XMCD ͑both in absorption͒ with the magnetization parallel to the plane of incidence and ͑ii͒ XAS ͑absorption͒ and T-MOKE ͑reflec-tion͒ with the magnetization perpendicularly to light propagation, cf. Fig. 1 . The response of matter to a modulated electric field is, in general, described by the dielectric tensor ⑀ គ. With the magnetization parallel to the z axis the tensor adopts the form
where it has been assumed that the magnetized material is isotropic or exhibits a cubic symmetry ͑cf. Ref. 39 , and references therein͒. Solving Maxwell's equations for light impinging parallel to the z axis, i.e., parallel to m ជ , yields two circularly polarized eigenmodes propagating through the medium. In this case ͑being the general geometry of XMCD experiments͒ the index of refraction is given by
where "Ϯ" denotes opposite orientations of magnetization and light propagation. The right hand side of Eq. ͑2͒ is the formal notation of n ± commonly used in x-ray optics. In the second experimental geometry the magnetization is oriented perpendicularly to the direction of propagation, e.g., parallel to the y axis. The dielectric tensor then adopts the form
and Maxwell's equations give two linearly polarized eigenmodes: one with the electric field vector E ជ parallel and one with E ជ perpendicularly to m ជ . The respective indices of refraction are
The difference between these two indices, i.e., Eq. ͑4͒ and Eq. ͑5͒, refers to the x-ray magnetic linear dichroism ͑XMLD͒. Although these effects are usually small in the vicinity of the 2p edges of 3d transition metals they have been observed in absorption, 40 transmission 6 ͑Voigt effect͒ as well as in reflection. 41 The T-MOKE geometry is described by Eq. ͑5͒. Obviously, the index of refraction does not linearly depend on ⑀ xy and hence no magnetic effects caused by n Ќ are observable in refraction or absorption upon reversing the magnetization. However, the situation for reflected p-polarized light is significantly different. Solving the boundary problem for the electromagnetic wave that is reflected by a magnetic bulk surface yields a linear dependence of the reflection coefficient r pp on ⑀ xy . Hence, the reflected intensity, being proportional to ͉r pp ͉ 2 , exhibits an almost linear response on the perpendicular magnetization component. 39 In contrast to a bulk surface the treatment of layered samples using the Fresnel formalism does not yield simple analytical expressions for r pp ͑see, e.g., Ref. 42͒. Various recursive algorithms for the calculation of magneto-optical effects in reflection have been published in the past. [43] [44] [45] [46] [47] [48] [49] In this work, we employ a ͑4 ϫ 4͒-matrix formalism as given in Ref. 45 . This formalism is based on a dielectric tensor generalized to describe arbitrary polarization and orientation between light propagation and magnetization. The calculation requires the knowledge of the refractive index N = ͱ xx and the Voigt constant Q =−i · ⑀ xy / ⑀ xx of each involved media. Both quantities can be obtained by determining n ± in the XMCD geometry. In appropriate experiments the absorptive parts ␤ ± are directly accessible via measurement of the linear attenuation coefficients ͑cf. Sec. IV A͒. The corresponding dispersive parts ␦ ± are then calculated by a Kramers-Kronig transformation ͑KKT͒.
In practice it is often convenient to decompose the measured quantities into magnetic and nonmagnetic contributions
͑6͒
Since ⌬␤ and ⌬␦ are usually small numbers, N and Q-as used in the calculation-can then be approximated by
Note, that we have recorded both reflectivity and absorption spectra in the T-MOKE experiments presented here. Therefore, we can examine directly anisotropies or thickness dependent changes in the absorptive parts ␤ Ќ . A detailed discussion can be found below.
IV. RESULTS AND DISCUSSION
The procedure within this section is outlined as follows. First, we have determined a reliable set of magneto-optical constants in the vicinity of the 2p edges of hcp ͑0001͒ Co films on W͑110͒. A simple method to obtain the real and imaginary parts of the optical and magneto-optical constants, which are accurate enough to reproduce true reflectivity signals, is to measure the imaginary parts by means of XAS and XMCD and subsequently calculate the real parts via KKT. 29, 50 In a second step we compare experimental XAS and reflectivity data in the T-MOKE geometry with calculations on the basis of the Fresnel formalism, using the optical constants obtained from the XMCD geometry ͓cf. Figs. 1͑a͒ and 1͑b͔͒. The reflectivity has been measured and analyzed for a Co coverage with a layer thickness in the range of about 12 ML down to the submonolayer. Since the Co films undergo a crystallographic transition from hcp to pseudomorphic below 0.7 relaxed monolayers we will discuss this regime separately. Thirdly, we will discuss the experimentally observed magnetocrystalline anisotropy in the T-MOKE response and its possible relation to an anisotropic spin-orbit coupling in the Co layer.
A. XMCD
XMCD measurements have been carried out on a Co film with a thickness of 26 Å or, equivalently, 13 ML, at an angle of incidence being 30°at the UE46/1 PGM beamline at BESSY. The in-plane magnetization has been switched along the plane of incidence being parallel to the W͓110͔ direction ͓cf. Fig. 1͑a͔͒ . Normalized TEY spectra have been scaled to match the theoretically expected signal in the pre-and postedge region of a thin film on a semi-infinite substrate ͑cf. Appendix͒ using tabulated linear absorption coefficients of Co and W. 51 After correcting for the angle of 30°between incoming photon beam and magnetization direction and taking into account the incomplete degree of polarization of 0.9, one obtains the true absorption coefficients ± ͑E͒ of the Co film by numerically solving Eq. ͑A1͒ given in the Appendix. The linear absorption coefficient ± ͑E͒ is connected to the imaginary part of the index of refraction ͓cf. Eq. ͑2͔͒ by
The resulting ͑electronic͒ ␤ 0 and ͑magnetic͒ ⌬␤ contributions to the imaginary part of n ± are shown as solid lines in the left-and right-hand panels of Fig. 2 . In order to obtain accurately the real parts ␦ 0 and ⌬␦ ͑shown as red dashed The optical constants can be compared to other experimental Co data given, e.g., in Refs. 8, 12, 52, and 53. However, we will restrict the discussion solely to the absorptive parts ␤ and ⌬␤. 67 The peak intensities at the L 3 edges reported in the literature vary from ␤ L 3 Ϸ 0.006 to Ϸ0.008 while the respective ͉⌬␤ L 3 ͉ values are found in the range between Ϸ0.001 and Ϸ0.002. This broad distribution of values reflects, on the one hand, the fact that the magnetic and nonmagnetic properties are specific to different systems under investigation and the difficulties related to different approaches in determining them. On the other hand, it was noted that spectral impurities as higher harmonics, saturation effects, and sample imperfections may lead to deviations in the determined peak intensities. 29 In addition, coherence effects in the impinging radiation have been discussed.
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B. XAS and T-MOKE vs film thickness
An overview of our XAS and reflectivity spectra obtained simultaneously in the T-MOKE geometry at the U49/1 and the UE49/2 PGM beamline at BESSY is given in the left and middle panel of Fig. 3 . All experimental spectra in Fig. 3 have been measured at an angle of incidence of 22°with the W͓001͔ axis in the scattering plane and the magnetization perpendicular to it ͓see Fig. 1͑b͔͒ . Thus, one probes the elec- tronic contributions mainly along W͓001͔ direction, while the magnetic contributions are determined by the magnetic properties along the W͓110͔ axis. The ͑nominal͒ thickness of the in situ prepared Co films denoted in the left column of Fig. 3 is increased from about 0.6 ML in ͑a͒ up to 12 ML in row ͑d͒. As expected the XAS signal rises monotonically with increasing thickness. A direct comparison of the absorption spectra ͑not shown here͒ for the films equal or thicker than 4 ML reveals identical spectra within our experimental accuracy. Since details of the XAS spectra are directly connected with the number of d holes, the spin-polarized 3d density of states ͑DOS͒, and the spin-orbit coupling, 11, 16, [55] [56] [57] we conclude that these electronic properties of our samples are practically stable above 4 ML. This finding is in agreement with an angle resolved photoelectron spectroscopy study on Co/ W͑110͒ ͑Ref. 58͒ and a recent scanning tunneling spectroscopy ͑STS͒ experiment, 32 which, however, has a much smaller probing depth. Both articles show that no significant changes in the electronic structure appear for Co films thicker than 4-5 ML. Bearing in mind that the spectra given in Fig. 3 have always been measured with the light propagating along the W͓001͔ direction we will address the isotropy/anisotropy of the nonmagnetic and magnetic properties in Sec. IV C. The XAS spectra of the submonolayer sample is discussed in Sec. IV B 2.
In contrast to the absorption spectra the reflectivity ͑middle column of Fig. 3͒ shows a more complex behavior. Starting with dips near the absorption edges at the incomplete monolayer ͑a͒ strong peaks evolve when the thickness is increased up to 4 ML ͑b͒. A further increase up to 6 ML temporary reduces the peaks, which are nearly restored upon further Co deposition ͑12 ML͒, cf. Fig. 3͑d͒ . These changes in the reflected intensity are obviously due to interference effects and are nicely reproduced by reflectivity calculations shown in the right column of Fig. 3 . For these calculations we used the magneto-optical constants given in Fig. 2 and an angle of incidence of 22°. The respective thickness used in the calculation is given in each panel in Å, whereas 1 ML = 2 Å. Note, that the solid and red dashed lines denote the reflectivities for the opposite magnetization directions perpendicular to the plane of incidence ͑R p + and R p − , respectively͒. The submonolayer sample in Fig. 3͑a͒ does not show any magnetic signal as expected at room temperature. In order to demonstrate the importance of interference effects on the reflectance of ultrathin films in the soft x-ray regime we have calculated the thickness dependent nonmagnetic reflectivities of p-polarized light R p 0 of Co films on W͑110͒ shown in Fig. 4 . The strong variation of the computed reflectivity with the layer thickness clearly demonstrates the decisive influence of interference effects. In general, the strength of interference depends on the roughness of the samples and is most important for experiments on very smooth films. However, especially in regions with strong slopes in the reflectivity ͑depending of course on the angle of incidence͒, an additional atomic layer may strongly reduce/enhance the reflected intensity. Note, that the magnitude as well as the spectral shape strongly depend on the thickness ͑cf. middle panel of Fig. 3͒. 
Comparison between experiment and calculation
Recently, several investigations have been reported in which a comparison of the experimental and calculated magneto-optical response has been carried out in the vicinity of the 2p edges of 3d transition metal samples. This has mainly been done for the longitudinal geometry using circularly polarized light, only a few results have been reported for T-MOKE so far. A nice agreement between T-MOKE calculation and experiments has been achieved by Sacchi et al. in the case of a Ni͑110͒ single crystal. 50 Furthermore, T-MOKE has been employed to study layered samples containing Fe and Fe x Mn 1−x films. 22, 24 A detailed presentation of our experimental and calculated T-MOKE spectra is given in Fig. 5 . The experimental data are depicted by the solid black lines. In the left panels we show the sum of the reflectivities, R p sum = R p + + R p − , which is Table I. approximately equal to Ϸ2·R p 0 . The right-hand panels display the related asymmetries defined by
Note, that we have normalized R p sum to 1 at the L 3 edge for the fits discussed below. The observed magneto-optical asymmetries reach large values up to 0.6 in the vicinity of the L 3 edges depending on the thickness of the Co film. Hysteresis loops measured at these energies reveal that all samples are magnetically saturated. For comparing the experimental data with calculations we have fitted simultaneously the reflectivity R p sum and the respective asymmetry A for each sample. The normalization of R p sum to 1 at the L 3 edges provides for a nearly equal weight of both quantities in the fitting procedure. The spectra have been fitted using three fit parameters in the calculation: the angle of incidence , the thickness t, and a scaling factor s regarding the arbitrary choice of normalization. The results are shown as red dashed lines in Fig. 5 . The corresponding parameters, t and , and their standard deviations are summarized in Table I . We find some deviations between the nominal and the fitted thicknesses. However, we want to mention that the nominal thicknesses have been chosen simply by the evaporation time in the film preparation. This procedure may give accurate relative thicknesses but often results in larger uncertainties regarding the absolute value. Indeed, the relative measures of the nominal and fitted thicknesses agree very well. Since the shape of the reflectivity spectra as well as of the asymmetry are connected to the film thickness and the ͑precisely͒ known wavelength in a very sensitive manner, we would trust the fitted thicknesses more than the nominal values, in accordance with previous findings of Sacchi et al. in Ref. 23 . The small modulations in the incident angles are in agreement with the accuracy of the experimental setup being limited to Ϸ ± 2°due to the mounting of the sample and the alignment of the measurement chamber relative to the beamlines. Figure 5 shows that the spectral shapes are very well reproduced in all cases, with the agreement for the reflectivities being generally somewhat better than for the respective asymmetries. Some larger deviations are found for the 6 ML sample. The thickness of this sample is precisely in a range where the reflectivity, and thus the asymmetry, strongly changes with the thickness ͑cf. Fig. 4͒ . Thus, even relatively small inhomogeneities in the film thickness may give rise to sizable deviations. This, in principle, could be included in the calculation but would introduce additional parameters in the fit. We will apply a similar approach for the submonolayer in Sec. IV B 2.
The best agreement between calculated and experimental asymmetries is obtained for the 12 ML sample with a thickness being close to that of the Co film ͑26 Å, see above͒ used for the determination of the optical constants. At this thickness a large amount of the strain is relaxed and both samples possess similar ͑reduced͒ magnetic anisotropy constants, i.e., being magnetically nearly equal. In turn we assume that the different ͑larger͒ anisotropies of the thinner films lead to the larger mismatch between fitted and experimental asymmetries observed in these cases. Note, that the elastic strain of Co films along the W͓001͔ direction is strongly reduced from 3.08% below 20 Å ͑cf. the 4 ML sample͒ to about 2.1% for a thickness of 30 Å. At the same time the uniaxial anisotropy constant K u drops from 2. 
Submonolayer of Co
As mentioned above the samples with submonolayer coverages show significantly altered XAS signals when compared to films with a thickness above 4-5 ML. Figure 6 shows the spectra of a 0.6 ML sample ͑solid line͒ and the corresponding 12 ML spectra ͑red dashed line͒ being corrected for self-saturation effects. Both spectra have been scaled and shifted to fit each other at "0" and "1" below and above the absorption edges. Obviously the L 3 peak of the 0.6 ML sample is strongly reduced and somewhat broadened. This hints for a strong change in the electronic structure being induced by the pseudomorphic strain as well as the reduced coordination number in the submonolayer. Similar pronounced variations in the electronic properties of Co IG. 6. ͑Color online͒ Comparison of the XAS spectra of a 12 ML ͑red dashed line͒ and an 0.6 ML film ͑black line͒. The L 3 intensity is strongly reduced in the submonolayer spectra. Both spectra have been scaled and shifted to match "0" and "1" below and above the absorption edges. films on W͑110͒ have been reported in Refs. 32, 35, and 58
The strong change in the absorption spectra as well as the reduced atomic density of the submonolayer leads to a new set of optical constants ͑not shown here͒ obtained as described in Sec. IV A. The submonolayer samples consist of regions with bare W͑110͒ and of areas covered by 2 Å Co. In order to fit the experimentally observed reflectivity spectra, shown as solid lines in Fig. 7 , we describe the total reflectivity by
with ⌰ being the Co coverage of the sample. R p W and R p Co denote the reflectivity of the tungsten surface and of 2 Å Co on W͑110͒, respectively. For the fits-given by red dashed lines in Fig. 7 -we have used a fixed angle of incidence of = 20°and a scaling factor. In order to correct some smaller uncertainties concerning the optical constants of tungsten as mentioned above and the normalization of our data we allowed for an additional weak slope correction. From the fits we obtain a Co coverage of 0.55 ͑0.75͒ for the spectra in the left ͑right, respectively͒ panel. Since the atomic density in this regime is altered by a factor of 0.7 when compared to the bulk these coverages correspond to an amount of 0.39 and 0.53 relaxed monolayers, respectively. The difference in the investigated coverages is small, however, the measured data as well as the calculations demonstrate that even these small changes in the amount of deposited material are easily probed by resonant scattering. Moreover, a comparison of calculation and experiment can yield reliable information on the morphology of the samples under investigation.
Finally, we want to mention, that in all cases presented in this section ͑Sec. IV B͒ the absolute values of the reflectivity have not been determined. Absolute values can be obtained experimentally and have been reported for instance in Ref. 50 . However, the analysis based on simulations shows that the distinct influence of the experimental parameters on the observed spectral shapes allows for a unique identification of certain sample properties as, e.g., the film thickness, even without the knowledge of absolute values ͑cf. Ref. 23͒. The reflectivity in our experiments is in the order of 10 −3 as can be inferred from Fig. 4 . Measured values should in general be slightly smaller than those presented in Fig. 4 since the calculations neglect the influence of interface imperfections. In principle these can be included in the calculation but a correct treatment requires sophisticated models of the interface properties of the sample, e.g., roughness/interdiffusion profiles ͑see, e.g., Ref. 60͒. Since our samples are known to show large areas being atomically flat without any interdiffusion the sample geometry should be modeled as a collection of regions consisting of an integer number of atomic layers ͓i.e., a generalization of Eq. ͑9͔͒ instead of, e.g., a Gaussian roughness profile. We assume that the thickness variation over the probed regions ͑approx. 200ϫ 200 m 2 ͒ is not larger than ±2 monolayers of Co. Indeed, a similar approach has recently been used to extract roughness profiles from angular dependent reflectivities.
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C. Anisotropic T-MOKE
All T-MOKE spectra shown above have been measured with the magnetization parallel/antiparallel to the W͓110͔ direction and the light propagating along the W͓001͔ direction. It was mentioned above that the optical constants used for these fits have been determined in a different geometry with the magnetization and the light propagation direction parallel to the W͓110͔ axis ͓cf. Figs. 1͑b͒ and 1͑a͒ , respectively͔. Since our samples were mounted rotatable around their surface normal in our T-MOKE setup we could directly address the isotropic/anisotropic absorption as well as reflectivity properties in the surface plane.
As a first result of this analysis we have found no significant anisotropy in the XAS spectra recorded with the sample oriented with the W͓110͔ direction parallel or perpendicularly to the plane of incidence, i.e., probing the absorption along the W͓110͔ and W͓001͔ direction. Note, that in these measurements the sample has been in a remanent state, i.e., with the magnetization being parallel/antiparallel to the W͓110͔ direction. The rotation of the sample is equivalent to a rotation of the magnetization. Thus, the magnetization is in one case parallel/antiparallel to the electric field vector and otherwise perpendicular to it, cf. Eqs. ͑4͒ and ͑5͒ in Sec. III. These experimental geometries would therefore give rise to XMLD in absorption. Such effects are usually very small for metallic samples ͑see, e.g., Ref. 13͒. Hence, the absorptive properties and therefore the nonmagnetic part of the refractive index of the samples are isotropic within the accuracy of our experiment. This in turn, allows us to use the nonmagnetic contribution to the optical constants independent of the applied geometries.
Next, we address the influence of the magnetocrystalline anisotropy of the Co films on the T-MOKE asymmetry spectra. It is well known that an uniaxial magnetic anisotropy is accompanied by measurable changes in the orbital magnetic moment along the magnetic hard and easy axis. 13, 14, [16] [17] [18] Since the magnetocrystalline anisotropy gives rise to different XMCD ͑and thus ⌬␤͒ spectra 12,62 along different magnetization directions, it may induce a corresponding anisotropy in the T-MOKE asymmetry. To investigate this we have re- corded reflectivity spectra for two sample orientations. In the first case the W͓110͔ direction has been oriented parallel to the magnetic field ͓cf. Fig. 1͑b͔͒ while, in the second one, the sample could be magnetized along the magnetic hard W͓001͔ axis ͓cf. Fig. 1͑c͔͒ .
The top panel of Fig. 8 shows the corresponding averaged spectra R p sum with the magnetization along the W͓110͔ and W͓001͔ directions denoted as solid black and red dashed lines, respectively. We do not observe significant differences. This shows that we have similar experimental conditions, i.e., thickness of the probed region and the angle of incidence being unchanged upon rotating the samples. In addition, it confirms the isotropic behavior in the nonmagnetic properties probed in the absorption data. In the lower part of Fig. 8 we have plotted the corresponding asymmetries showing significant differences in the spectral shape. Numerical simulations reveal that the difference cannot be explained by small variations in the angle or the film thickness, respectively. The T-MOKE asymmetry for the magnetization along the W͓001͔ axis is enlarged in the vicinity of the L 2 edge. Since the T-MOKE asymmetry is determined by the magneto-optical constants ⌬␤ and ⌬␦ one may anticipate a similar increase in the corresponding XMCD signal ͑cf. Fig. 2͒ . The common interpretation would then lead to a larger orbital moment along the magnetic easy axis ͑W͓110͔͒ being in agreement with XMCD results of other groups. 12 It would be highly desirable to obtain the corresponding XMCD spectra from the T-MOKE asymmetry by a respective fitting procedure, where ⌬␤ and ⌬␦ have to be altered simultaneously. However, the changes in ⌬␤ connected with an altered orbital moment do not only appear as a simple scaling in the spectra rather than in subtle variations in the spectral shape. Thus, these procedures turn out to be a difficult task in practice, actually not yielding satisfying results. Nevertheless, the data clearly demonstrate a magnetocrystalline anisotropy in the transverse magneto-optical Kerr effect in the soft x-ray regime. Note, that a corresponding anisotropy should also be detectable when measuring directly the XMCD via transmission experiments or TEY as experimentally demonstrated in, e.g., Refs. 12-14. With regard to the advantages of reflectivity detection mentioned in the introduction the specific simplicity in the case of T-MOKE offers an alternative approach to investigate anisotropies in the orbital moment when, e.g., investigations of deeply buried layers or experiments under high magnetic fields are desired.
V. CONCLUSION
We have performed a comprehensive study on the soft x-ray reflectance and photoabsorption in the vicinity of the 2p edges of ultrathin Co films on W͑110͒. The reflectivity data have been compared to calculations based on the Fresnel formalism applying optical constants obtained from separate absorption measurements in the XMCD geometry. The absorption spectra in the T-MOKE geometry appear to be nearly identical for all samples with a thickness above 4-5 ML and geometries investigated here. Significant changes have been found in the reflectivity as a function of film thickness, which are related to interference effects. In nearly all cases calculations on the nonmagnetic reflectivity agree nicely with the experimental data. The samples with submonolayer coverage show remarkably altered absorption spectra. Using recalculated optical constants for the fitting procedure, we have calculated their reflectivity spectra and determined the Co coverage of these samples. Some smaller deviations which were observed when comparing the experimental and fitted magnetic T-MOKE asymmetries could be ascribed to the thickness dependence of the magnetic properties of the Co films. The influence of the magnetocrystalline anisotropy on the x-ray T-MOKE has been demonstrated by a direct comparison of experimental spectra measured for different magnetization axes. A remarkable change in the asymmetry spectra emphasizes the sensitivity of T-MOKE to subtle details in the magnetic properties. These promising results demonstrate that T-MOKE in the soft x-ray regime allows detailed investigations on ultrathin magnetic films and might even represent an alternative approach for studying the microscopic origin of MAE. Note, that so far we have investigated magnetic in-plane anisotropies. However, it is straightforward to extend these studies to perpendicular magnetic anisotropies ͑PMA͒ when using circularly polarized radiation.
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